Motivation: Genetic loci associated with the variance of phenotypic traits have been of recent interest as they can be signatures of genetic interactions, gene by environment interactions, parent of origin effects and canalization. We present a fast efficient tool to map loci affecting variance of gene expression and other molecular phenotypes in cis. Results: Applied to the publicly available Geuvadis gene expression dataset, we identify 816 loci associated with variance of gene expression using an additive model, and 32 showing differences in variance between homozygous and heterozygous alleles, signatures of parent of origin effects. Availability and implementation: Documentation and links to source code and binaries for linux can be found at https://funpopgen.github.io/veqm/.
Introduction
There has been recent interest in discovering SNPs which affect the variance of a trait rather than the mean, with studies reporting loci influencing variance in body mass index (Yang et al., 2012) and gene expression (Brown et al., 2014; Dumitrascu et al., 2015; Hulse and Cai, 2013; Wang et al., 2014) . Such variants are of interest since they can expose the presence of biological effects, either linkage disequilibrium with a variant that affects the mean of the trait (Hulse and Cai, 2013) , interactions (either gene-environment or epistasis (Brown et al., 2014; Paré et al., 2010) ) or canalization (FormosoRafferty et al., 2016) . Parent of origin effects are a particular type of gene-environment interaction, where the effect of the allele on a trait depends on whether it was maternally or paternally inherited: in this case we expect to see differences in variance exclusively in the heterozygous individuals (Hoggart et al., 2014) . While many software packages have been written to look for associations between variants and quantitative traits, both genome-wide (Purcell et al., 2007; Zhou and Stephens, 2012) , and in cis for molecular phenotypes (Ongen et al., 2015; Shabalin, 2012) , to our knowledge none are available for variance association mapping. This has meant that people have had to write their own methods, and develop their own strategy for controlling for multiple testing. A number of methods have been proposed to find associations between SNPs and variance of a trait: including generalized linear models (Hulse and Cai, 2013) , Levene and Brown-Forsythe tests (Brown and Forsythe, 1974; Levene, 1960) , and a Bayesian approach to the problem (Dumitrascu et al., 2015) . In this note we present software based on the approach applied in Brown et al. (2014) to map SNPs associated with variance of molecular traits in cis (variance-expression Quantitative Trait Loci, v-eQTL). We control for multiple testing in a similar way to that presented in Ongen et al. (2015) , and include a specific option for looking for evidence of parent of origin effects. We present results, applying the software to data presented in Lappalainen et al. (2013) .
Materials and methods
We test all variants within a specified distance of the transcription start site of the gene (by default, 1 Mbp). To map loci associated with variance of the molecular trait, we first remove any possible eQTL effects by regressing the phenotype on indicator variables for individuals being heterozygote and minor allele homozygote. The residuals of this regression are squared to produce a measure 'distance' to the mean expression in the genotype group for each individual. To test for variance association, we perform a Spearman correlation test between this distance measure and genotype dosage, or between distance and an indicator variable for heterozygosity when testing for evidence of parent of origin effects. One issue to consider when mapping cis genetic effects on expression is multiple testing; a scan for effects can test 80 000 000 SNP-gene pairs and so stringent criteria must be applied when discerning what is a statistically significant result. Large consortia have approached this problem in the case of eQTL studies by using permutation methods to control for multiple testing across the SNPs while accounting for their correlation structure, followed by a second FDR correction across the genes (Lappalainen et al., 2013; The GTEx Consortium, 2015) . One drawback of this approach is that it is highly computationally intensive, requiring the analysis to be repeated tens of thousands of times. This has lead to the creation of bespoke software to perform this task efficiently (Delaneau et al., 2016; Ongen et al., 2015) . The same procedure is implemented here as in Ongen et al. (2015) , and running times are the same order of magnitude (340 CPU hours for a full cis-scan with 10 000 permutations).
We have applied this method to data from 445 individuals, with RNA-seq produced by the Geuvadis consortium (Lappalainen et al., 2013) and DNA-seq from 1000 Genomes (1000 Genomes Project Consortium, 2015 . Please see Supplementary materials for details of processing of data, a full description of the methods described here and a complete set of scripts which will repeat all analyses and Figures described in this paper.
Results
We identify 816 significant v-eQTL and 32 SNPs with variance effects indicative of underlying parent of origin effects. The most significant example of each is shown in Figure 1 . Supplementary Figure  S1 showsplots of the observed gene-level P values for variance effects against those expected under the null hypothesis. Using the qvalue package (Storey, 2003) we estimate that 53.0% of genes have v-eQTL and 12.6% have variants associated with parent of origin effects.
Discussion
We present software to identify SNPs associated with variance of gene expression measurements, which can indicate underlying geneenvironment, epistasis or parent of origin effects. Fig. 1 . We show expression plotted against genotype for the most significant examples of standard variance effects and variance effects indicative of parent of origin effects. In the case of parent of origin effects, both the increase in expression in the TG/TG genotype group and the increased variance in heterozygotes are consistent with a TG allele effect on expression conditional on inheritance. For the v-eQTL, the increased variance in the C/C genotype group could be due to interactions, or partial linkage with an eQTL
